Background: Stiff skin syndrome is a sclerodermalike disorder that presents in infancy or early childhood with rock-hard skin, limited joint mobility, and mild hypertrichosis in the absence of visceral or muscle involvement, immunologic abnormalities, or vascular hyperreactivity.
regularities. Histopathologically, our cases showed areas of fascial sclerosis or showed increased fibroblast cellularity with thickened, sclerotic, horizontally oriented collagen bundles in the deep reticular dermis and/or subcutaneous septa without associated inflammation.
Conclusions:
Stiff skin syndrome is characterized by an early, insidious onset of stony-hard skin, often with associated contracturelike joint restriction, hypertrichosis, and postural and thoracic wall abnormalities. Supportive histopathologic findings consisting of either fascial sclerosis or increased fibroblast cellularity with sclerotic collagen bundles in the deep reticular dermis and/or subcutaneous septa may help to confirm this diagnosis.
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S TIFF SKIN SYNDROME (SSS) IS a sclerodermalike disorder characterized by stony-hard skin, limited joint mobility, and mild overlying hypertrichosis. We report 6 cases of SSS, emphasizing the clinical presentations, histopathologic features, and differential diagnosis of this rare disorder. Cases 3 to 6 are presented briefly to highlight the salient features of each case.
REPORT OF CASES

CASE 1
A 6-year-old white boy presented with thickened skin since infancy. His parents noted thickened skin on his right thigh at 1 year of age that subsequently spread to the right buttocks, trunk, and shoulder and recently to the left thigh. He began walking at 10 months of age with a limp that never resolved. His right leg was notably wider in diameter than his left leg by age 2 1 ⁄2 years. He had progressively impaired mobility and required physical therapy and a wheelchair to assist in his ambulation.
He has had no visceral symptoms, no Raynaud phenomena, and no intellectual impairment. His medical history included asthma, frequent ear infections, and a patent ductus arteriosus. There were no affected family members.
On physical examination, he had a very dense, woody, ill-defined induration encircling his right thigh to just above the patella extending to his right buttocks, back, and shoulder. The left thigh and buttocks were involved to a lesser extent from the iliac crest down through the lateral and posterior thigh to below the knee joint. He had restricted range of motion of his hips and knees and a slightly protruding barrel chest, and his thorax was thinned with respect to his arm girdle. He had hypertrichosis in his lumbosacral area ( Figure 1A) .
His laboratory evaluations included a negative antinuclear antibody and normal skeletal films. A thoracic computed tomography scan and magnetic resonance imaging of the abdomen, pelvis, and lower extremities only revealed a nonspecific soft tissue enhancement. Findings from pulmonary functional studies were normal. A deep fascial biopsy revealed a fascial thickening and sclerosis with only a subtle increase in over-all cellularity ( Figure 1B ). There was a subtle increase in deep dermal cellularity as well. The superficial dermis and epidermis were normal, and there was little to no increase in interstitial mucin in the dermis.
The progression of his skin disease was followed using clinical drawings that delineated regions affected by skin thickening. During the first 6 months of follow-up, the areas of clinical induration progressed to involve more of the upper back, right lateral arm, neck, abdomen, and lower legs bilaterally. After consultation with the pediatric rheumatology service, treatment with monthly intravenous pulses of methylprednisolone (20 mg/kg) for 3 months along with weekly doses of methotrexate, 25 mg, subcutaneously was initiated. One year later, no further areas of progression were observed and some of the more mildly affected areas appeared to be softening. However, long-term follow-up examination at age 15 years revealed that the patient's skin disease continued to slowly progress to involve new areas despite trials of other therapeutic modalities, including psoralen with UV-A light and oral penicillamine.
CASE 2
An 8-year-old Hispanic girl presented with a skin lesion on her left lateral thigh that had been present for 1 to 2 years. Her father reported that the lesion was initially small but had been gradually widening out of proportion to her growth. There was no associated pain or pruritus. The child was otherwise healthy with normal growth and development, and there was no family history of similar skin conditions or autoimmune disease.
On skin examination, she had a 30ϫ10-cm area of thickened, sclerotic skin located on the left thigh with associated hyperpigmentation and hypertrichosis (Figure 2A) . At the periphery of the lesion, deep nodular components could be palpated. The lesion extended from her left flank and hip along the lateral thigh and involved the left posterior calf.
Laboratory evaluations included negative findings for antinuclear antibodies and anti-double-stranded DNA as well as a normal complete blood cell count, erythrocyte sedimentation rate, and C-reactive protein level. An excisional biopsy from the involved skin revealed deep dermal and subcutaneous sclerosis with thickened, horizontally arranged collagen bundles with diminished spaces between them. There was a slight increase in spindled cellularity throughout the reticular dermis with the absence of an associated lymphocytic or plasmacytic infiltrate. The intervening fatty lobules appeared normal ( Figure 2B ). These histopathologic findings were interpreted as consistent with SSS.
The patient returned for follow-up examination 1 year after her initial presentation, at which time progression of her disease was noted. The skin involvement had extended to include her hip and waist, encompassing an area of 25ϫ58 cm. She complained of limitation of her range of motion and pain with exercise. A physical therapy evaluation had been requested after the first visit, and the family had not followed through with this. Physical therapy was again recommended with the addition of ibuprofen for pain, and the patient has since been lost to follow-up.
CASE 3
A 6-year-old white girl with an unremarkable medical and family history presented with firm skin that started on the right leg for 1 year. She had thickened skin with overlying hyperpigmentation that involved her lower hip girdle, lower back, lateral thighs, and entire legs. She had a pseudohypertrophic stance and toe-walked with her right leg. She had a protuberant chest, retracted arms, and thin, atrophic shoulders. There was also increased dense hair growth over the lumbosacral area. A punch biopsy revealed a subtle increase in density of fibrocyte nuclei and a marked increase in interstitial mucin in the deep reticular dermis. The fascia was not visualized.
CASE 4
A 9-year-old girl presented with a 6-year history of indurated skin starting in the left deltoid. She had not responded to therapy with topical calcipotriene, triamcino-B A Figure 1 . Stiff skin syndrome case 1. A, A white male patient with dense, woody, ill-defined induration of the skin on his back, associated with hypertrichosis of the lumbosacral area (photograph taken at age 14 years). B, Histopathologic findings: the fascia is thickened and sclerotic with slightly accentuated overall cellularity (hematoxylin-eosin, original magnification ϫ200).
lone, and betamethasone dipropionate. She had a brother with a similar lesion on the buttock, but he had not been examined by us. The involved areas of her skin had a sensation of skin "tightness" and occasional tenderness after physical exertion. She had markedly thickened skin involving the left shoulder and arm area, the left lumbar back, and the right back. Multiple biopsies finally revealed thickened, sclerotic collagen bundles in horizontal array in the deep reticular dermis and superficial subcutaneous septa without inflammation or distortion of the adnexa. Dermal and subcutaneous septal cellularity was slightly increased. The fascia was not visualized.
CASE 5
A 2-year-old girl presented with a growing lesion on her left buttock that had been present since birth. She had an otherwise unremarkable medical and family history. The lesion was asymptomatic and did not interfere with ambulation. She had a deep induration on the lateral aspect of the left buttock with overlying hypertrichosis. Skin biopsy results showed broadened and elongated collagen bundles in a haphazard arrangement in the mid to deep reticular dermis. There were also clusters of lipocytes in the dermis.
CASE 6
A 7-year-old white girl presented with thick skin on the right buttock for 4 years. A skin biopsy specimen had previously shown dermal fibrosis without inflammation, and she was treated with topical calcipotriene and clobetasol ointments for presumed morphea. She experienced minimal softening of her skin in that area according to parental report. She had an otherwise unremarkable medical and family history. There was a 4ϫ5-cm, ill-defined, indurated plaque of deep sclerosis that involved the right buttock, the lower back, and the right hip. She had no limitation of range of motion at the right hip. An excisional skin biopsy specimen showed abnormally horizontally oriented, thickened collagen bundles with a subtle increase in fibrocytes in the deep reticular dermis. The elastic tissue was normally preserved, and fascia was not observed in the sections.
COMMENT
Stiff skin syndrome is a rare disorder originally described by Esterly and McKusik. 1 It is characterized by stony-hard skin, limited joint mobility, and mild overlying hypertrichosis. Jablonska et al 2 further characterized this condition as a generalized, noninflammatory fascial disorder in the absence of visceral involvement, muscle involvement, immunologic abnormalities, or vascular hyperreactivity and proposed the name "congenital fascial dystrophy." At least 37 cases of SSS have been published since the initial report by Esterly and McKusik.
1-21 Table 1 summarizes the clinical features in these 37 published cases of SSS in addition to the 6 cases presented herein.
CLINICAL FEATURES
The cutaneous findings present in infancy or in early childhood with rock-hard skin bound firmly to the underlying tissues that is most prominent in areas with abundant fascia such as on the buttocks and thighs. 3 The overlying skin can be normal in appearance or may have B A Figure 2 . Stiff skin syndrome case 2. A, An 8-year-old Hispanic female patient with a 1-to 2-year history of a 30 ϫ 10 cm area of "rock-hard" skin located on the left lateral thigh with associated hyperpigmentation and hypertrichosis. With palpation, the skin lesion feels deeply sclerotic and nodular components are appreciable at the superior aspect of the lesion. B, Histopathologic findings: there are compact collagen bundles with a horizontal and diagonal orientation that course through the deep reticular dermis and subcutis; some of the compact individual collagen bundles have a tendonlike quality by conventional microscopy (hematoxylin-eosin, original magnification ϫ40).
mild hypertrichosis and hyperpigmentation overlying the affected areas of skin. Our patients had cutaneous involvement primarily or exclusively in the pelvic and shoulder girdle areas. The indurated skin felt like a welldemarcated, large, sometimes nodular subcutaneous tumor. All of the cases have had an insidious onset in infancy or early childhood.
Extracutaneous features of SSS include contractures, especially of the large joints, often resulting in scoliosis, a tiptoe gait, and a narrow thorax in relation to the arm girdle. Several reported cases have had associated restrictive pulmonary changes and growth retardation. Notably lacking are visceral, bone, or muscular involvement; immunologic abnormalities; vascular disturbances; or mucopolysacchariduria. 4 The disease is slowly progressive and nonfatal. A genetic basis has been suggested by the reports of other affected family members 1, [5] [6] [7] [8] and/or evidence of associated consanguinity. 1, 5, 6, 9 Therapy thus far has been limited to supportive and rehabilitative care. In our cases, joint restriction was common but not universal. Postural and thoracic wall irregularities occurred sporadically. None of our cases had other associated abnormalities. All of our cases were isolated with the possible exception of case 4, whose family reported a sibling with a similar skin condition, which was not brought to medical attention.
HISTOPATHOLOGIC FEATURES
Several histologic patterns have been described in previous reports. Early reports described increased dermal mucin 1, 5 and large, bizarre fibroblasts that stained metachromatically with toluidine blue. 5 Jablonska et al 2 described underlying fascial thickening "four times beyond normal" with "amianthoid-like" collagen fibers and bundles composed of incompletely organized microfibrils. Several subsequent reports confirmed a thickened fascia, 6,10,13-16,21 but others 7, 17, 18 reported normal fascia. One of our patients (case 1) had a biopsy of the fascia, which revealed fascial sclerosis. In the remaining 5 cases, the diagnosis was microscopically supported via deep incisional or punch biopsies that did not include the fascia. In one of our patients (case 2), the biopsy revealed increased cellularity and an increase in interstitial mucin in the deep reticular dermis. These findings, in conjunction with the characteristic postural and thoracic wall changes, led to the diagnosis of SSS. In the remaining 4 cases, biopsy specimens showed thickened, sclerotic collagen bundles in the deep reticular dermis and/or subcutaneous septa with no inflammation or distortion of adnexa. The collagen was usually horizontally oriented with diminished spaces between them, although 1 case exhibited a haphazard arrangement in the mid to deep reticular dermis. Slightly increased cellularity was present in 3 of these 4 cases and 5 of the 6 total cases. Several patients needed repeated deeper biopsies performed because prior superficial biopsies were nondiagnostic. Possibly, SSS exhibits a spectrum of histopathologic findings, with interstitial mucin representing early disease and the deep dermal sclerosis signifying a later stage.
DIFFERENTIAL DIAGNOSIS
Several entities have clinical features that resemble SSS. Scleredema, in particular, can have many overlapping features with SSS. Scleredema results in nonpitting edema due to mucin in the dermis. It typically presents with skin tightness and induration beginning on the neck or face and spreading symmetrically to involve the arms, shoulders, back, and chest. 22 It may have an acute onset following an upper respiratory tract infection or an insidious onset without preceding infection, with or without diabetes mellitus. Classically, it is a disease of adults, but several pediatric cases have been reported. Microscopically, there is increased mucin deposition in the reticular dermis as well as broadening of collagen bundles, but the bundles are separated by fenestrations. [23] [24] [25] Sclerotic fascia has not been reported in scleredema.
Several features can help differentiate SSS and scleredema. In SSS, disease is centered on or around the pelvic and shoulder girdle, whereas scleredema is centered on the face, head, neck, and back 24 and with rare exception 25 only involves the pelvic or shoulder girdle with concomitant involvement of the face, neck, or upper back. 24 Joint restriction, although common in SSS, is rare in scleredema and is more often due to a "bulk" effect of the thick skin usually affecting the eyelids, neck, mouth, and shoulder. 18, [26] [27] [28] [29] The skin stiffness in SSS, in our experience, is often well demarcated, uneven, or lumpy and may not involve an entire anatomic unit, while the stiffness in scleredema is more uniform, typically encompassing an entire involved anatomic unit. The abrupt onset often seen in scleredema is not a feature of SSS. The histopathologic features overlap, but increased fibroblast cellularity, thickened collagen bundles in a horizontal arrangement, and diminished spaces between individual bundles, if present, can help differentiate biopsy results of SSS from scleredema. Typically in scleredema, the collagen bundle pattern is nearly normal.
Recently, 2 cases with overlapping features of both scleredema and SSS were published as a diagnostic dilemma. 18 One patient had a 3-day history of right leg swelling, diffuse induration of the right flank, waist, and entire right leg from ankle to hip, and histopathologic findings that demonstrated bundles of irregular dense collagen extending deep into the sweat ducts and separated by mucin and a normal fascia. The abrupt onset and diffuse uniform involvement in this case make scleredema, albeit in an atypical distribution, the most likely diagnosis. The second case was a 9-year-old girl with a 5-year history of progressive firmness on the right thigh, torso, shoulder, and bilateral buttocks, with loss of range of motion of the right knee and hip and an uneven plaquelike induration of the right thigh and flank. Findings from histopathologic examination demonstrated slight separation of thickened collagen bundles (suggestive of scleredema) but also an increased fibrocyte density favoring classification as SSS, and these features, particularly with joint contracture and the uneven, irregular induration on the right leg, are those of SSS.
Cases of SSS are often initially diagnosed as sclerodermatomyositis, systemic sclerosis, or localized scleroderma. Sclerodermatomyositis is an overlap syndrome with features of dermatomyositis and systemic sclerosis 30 that typically presents with arthralgias, arthritis, sclerodermoid skin lesions, and joint restriction. Features that distinguish this entity from SSS are evidence of muscle involvement (eg, elevated serum muscle enzyme level and abnormal electromyography), autoantibodies, and vascular hyperreactivity. Systemic sclerosis is very rare in childhood and has many features including "hidebound" skin changes in the hands and face, Raynaud phenomenon, periungual telangiectasias, and immunologic abnormalities that help distinguish it from SSS. 2 Localized scleroderma (morphea) tends to have a later onset as well as more localized and asymmetric indurations and alterations of the skin. 2 Deep morphea, a form of localized scleroderma, must also be distinguished from SSS. This can sometimes be difficult, given the clinical similarities between the 2 disorders. However, the histopathologic findings of deep morphea (as well as those of systemic sclerosis and localized scleroderma) are distinct from those of SSS. In deep morphea, there is typically a lymphocytic or lymphoplasmacytic infiltrate at the junction of the dermis and subcutis with abnormal, sclerotic collagen in the deep reticular dermis or subcutaneous septa, and fascial involvement is exceptional. In contrast, in SSS there is typically fascial sclerosis with slightly increased fibrocyte cellularity, and thickened collagen bundles, often with a horizontal orientation, are sometimes also present in the deep reticular dermis and/or subcutaneous septa. There is characteristically no inflammation or distortion of adnexa in SSS. In addition, many of the clinical features of SSS, such as the characteristic distribution involving the pelvic area and/or shoulder girdle and the often-present hypertrichosis, are typically not observed with deep mor- ties between SSS and an infantile form of deep morphea, the clinical and histopathologic differences suggest that they are distinct entities. Early cases of SSS may resemble smooth muscle hamartomas or connective tissue nevi, both of which can present as an indurated plaque on the trunk or extremity. Histologic findings of a marked increase in smooth muscle fibers in the dermis distinguish smooth muscle hamartoma from SSS. 31 Biopsy results of connective tissue nevi can demonstrate a hamartomatous proliferation of collagen or elastin or may appear as normal skin, 32, 33 but fascial sclerosis, sclerotic collagen bundles in the deep reticular dermis, increased interstitial mucin, or increased cellularity are not found.
Nephrogenic systemic fibrosis, formerly called nephrogenic fibrosing dermopathy, is a scleromyxedemalike fibrosing skin condition found in patients with kidney disease. Pediatric cases have been reported. 34 This condition presents as extensive thickening and hardening of the skin with a peau d'orange appearance typically located on the extremities, buttocks, and trunk. Occasionally, joint contractures occur as well. Histopathologic findings demonstrate an increase in dermal fibroblasts, thickened collagen bundles with surrounding clefts, and increased mucin and elastic fibers extending through the subcutis along the septa of fatty lobules, and typically, the degree of overall dermal and subcutaneous cellularity is strikingly different than that of SSS. While there is considerable clinical overlap, a history of renal insufficiency is universally present in this entity and differentiates it from SSS. 34 Recent publications suggest an association between exposure to gadolinium-containing contrast agents and subsequent development of nephrogenic systemic fibrosis. 35, 36 Eosinophilic fasciitis classically presents with rapidly appearing tender swelling on the arms and legs evolving into brawny induration, often following exertion. [37] [38] [39] Localized morphealike skin changes and joint contractures may be present, and the induration is often more distal than proximal. Hematologic abnormalities including peripheral blood eosinophilia, hypergammaglobulinemia, and elevated erythrocyte sedimentation rate are often present. Histopathologic findings demonstrate thickened fascia with a cellular inflammatory infiltrate of lymphocytes and plasma cells, with or without eosinophils. In an appropriate biopsy specimen, this entity can be readily distinguished from SSS.
Several other rare conditions can have presentations resembling SSS. The clinical and diagnostic features of these are summarized in Table 3 .
PATHOGENESIS
The pathogenesis of SSS is unclear, but proposed mechanisms include a primary fibroblast disorder resulting in increased acid mucopolysaccharide deposition in the dermis, 1,5 a primary fascial dystrophy resulting in an increased accumulation of collagen, 2, 6 and an inflammatory process. 7 It has recently been shown that the fascia in patients with SSS differs from normal fascia by an abundance of myofibroblasts and an overproduction of type VI collagen. 9 Interestingly, myofibroblasts are thought to be the operative cells in extrabdominal desmoid tumors, and type VI collagen might be the material deposited in juvenile hyaline fibromatosis 45 and is also overproduced in systemic scleroderma. 46 Hence, there may be a cytological and biochemical overlap between some of these entities.
The tight-skin (TSK) mouse model has been advanced as an animal model for SSS. 6 The TSK gene is transmitted in an autosomal dominant pattern and is located on the mouse chromosome 2. 72 The heterozygous TSK mice (the homozygous state appears to be lethal) develop substantial hypertrophy of loose connective tissue, tendons, cartilage, and bone and have a tightness of the skin that makes it difficult to grasp a fold of skin on the back. Microscopically, there appears to be an abundance of acid mucopolysaccharide deposition in the dermis and hypodermis as well as a markedly thickened fascia. 72 The defect appears to be an accelerated biosynthesis of collagen in the fibroblasts of TSK mice. 73 Characterizing the defective gene product of the TSK mutation could well shed significant light on the pathogenesis of SSS, scleroderma, and perhaps some of the other conditions that lead to the stiff skin phenotype.
CONCLUSIONS
Stiff skin syndrome is characterized by an early, insidious onset of stony-hard, sometimes uneven induration of the skin, centering on the pelvic and/or shoulder girdle usually with contracturelike joint restriction. Hypertrichosis and postural and thoracic wall abnormalities such as a pseudohypertrophic stance, thinned thorax, broad shoulders, barrel chest, and tiptoe gait occur variably. The diagnosis is supported by histopathologic findings consisting of either fascial sclerosis or an increased fibroblast cellularity with thickened, sclerotic, usually horizontally oriented collagen bundles in the deep reticular dermis and/or subcutaneous septa with no inflammation or distortion of adnexa and no increased spaces between the bundles. The findings of increased mucin with increased fibroblast cellularity are suggestive but not diagnostic of SSS.
